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Current concepts of anthracycline 
cardiotoxicity: pathogenesis, 
diagnosis and prevention
Brad Pfeffer, Constantine Tziros, Richard J Katz

Anthracyclines are commonly  
used antineoplastic drugs. However, 

their clinical utility is tempered by a 
dose-dependent risk of cardiotoxicity 
and congestive heart failure. Current 
preventive measures focus on dose 
reduction, use of less cardiotoxic 
anthracycline analogues and prophylactic 
use of dexrazoxane. Recent research 
has focused on early monitoring and 
risk stratification to identify patients 
that are ‘at risk’ for cardiotoxicity, using 
biochemical markers and the prophylactic 
use of novel cardioprotectants. This article 
reviews the clinical course, pathogenesis, 
cardiac monitoring and new concepts  
in diagnosing and preventing  
anthracycline cardiotoxicity.

Introduction
Anthracyclines have been used as efficacious 
antineoplastic agents for many haemopoietic and 
solid cancers since they were first isolated from 
the pigment-producing Streptomyces peuctius 
early in the 1960s.1 However, dose-dependent risk 
of cardiomyopathy and congestive heart failure 
has restricted their clinical utility.2 Risk factors for 
cardiotoxicity have been well investigated.3-5 They 
include cumulative dose greater than 550 mg/m2,3 
age greater than 70,3 dose scheduling, mediastinal 
radiotherapy,6-9 previous cardiac disease,3,6 
hypertension,3,8 whole-body hyperthermia,10 
female sex11,12 and combination therapy with 
other known cardiotoxic chemotherapeutic 
agents (i.e. trastuzumab and cyclophosphamide). 
The mechanism of cardiotoxicity appears to be 
multifactorial, however, the production of free 
radicals appears to be an important cause of 
myocyte damage and apoptosis. 

Cardiotoxicity from anthracyclines can occur at 
any point during and subsequent to treatment. 

‘Acute cardiotoxicity’ can occur immediately to 
weeks following treatment and usually presents 
as arrhythmias,13 ST and T wave abnormalities, 
pericarditis-myocarditis syndrome,14 and acute 
heart failure. More often patients develop ‘chronic 
cardiotoxicity,’ which presents as left ventricular 
dysfunction, chronic heart failure, and QT 
dispersion in the first year following treatment. 
‘Late-onset cardiotoxicity’ develops following 
a prolonged asymptomatic period with heart 
failure presenting one year to decades following 
chemotherapy treatment. The incidence of  
late-onset ventricular dysfunction appears to 
increase in conjunction with the length of  
follow-up (figure 1).15 
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Figure 1. Follow-up of patients receiving 
doxorubicin demonstrating late-onset left 
ventricular dysfunction as measured by 
abnormal fractional shortening15 
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Given the potential for late cardiotoxicity, 
cardiac monitoring of patients treated with 
anthracyclines needs to be a lifelong process. 
The standard clinical approach includes 
cardiac assessment before therapy begins, 
monitoring during treatment and follow-up 
after treatment completion.5 

The American Cardiology Committee of 
the Children’s Cancer Study has published 
a summary of paediatric monitoring 
guidelines using electrocardiogram (ECG), 
echocardiography and radionuclide 
angiography to evaluate for cardiotoxicity.16 
In adults, the assessment of cardiac  
function by serial echocardiography  
and/or radionuclide angiography (RNA) is a 
well-established cost-effective method for 
preventing morbidity and mortality related 
to anthracycline chemotherapy.17 Schwartz 
et al. have developed a monitoring algorithm 
(table 1) with scheduled frequent ejection 
fraction measurements, that, when used, 
has demonstrated a four-fold reduction in the 
risk of congestive heart failure.18 The United 
Kingdom National Cancer Research Institute 
has developed separate guidelines for cardiac 
monitoring and the use of trastuzumab, 
another cardiotoxic chemotherapeutic agent 
(table 2).19 Recent research focusing on the 
use of strain echography, an echo technique 
that looks at the deformation of the heart 
muscle as it contracts, has been promising 
as a more sensitive modality for detecting 

early cardiotoxicy,20 but further research  
is needed.

New developments in  
risk stratification and early 
monitoring for cardiotoxicity: 
the use of biochemical markers
Despite routine tracking of ejection fractions 
to adjust drug dosing, some patients still 
develop severe left ventricular dysfunction. 
Uncertainty of the risk of heart failure has led 
many oncologists to routinely avoid high-dose 
anthracyclines. While lower dosing reduces 
the incidence of cardiac dysfunction, this 
approach deprives many patients of the full 
benefit of these chemotherapeutic agents. In 
reality not all cancer patients develop cardiac 
events (Cardinale et al.21 reported 16% total 
cumulative cardiac events). This marked 
individual cardiac response to doxorubicin 
may be due to genetic factors and/or differing 
susceptibility to drug-induced oxidative stress. 
Better biomarkers to detect high- versus low-
risk patients are needed to enable physicians  
to individualise chemotherapy regimens.

Troponin 
Recently, troponin has been used as a marker 
of myocardial injury to risk stratify patients 
undergoing anthracycline treatment. Initial 
animal studies found troponin T to be an early 
and sensitive marker of anthracycline-induced 
cardiotoxicity.22 Cardinale et al. pioneered 

the use of troponins in the prediction of 
anthracycline cardiotoxicity in adults in two 
clinical studies. In the first study, troponin 
I levels were measured in 204 patients 
before, immediately after, and 12, 24, 36 
and 72 hours after each cycle of high-dose 
chemotherapy. Patients were classified as 
either troponin I ‘positive’ or ‘negative’ and 
then had comparison of echocardiographic 
derived left ventricular ejection fraction (LVEF) 
between groups. Both groups demonstrated 
significant LVEF impairment at three months. 
However, the troponin I ‘negative’ group LVEF 
returned to baseline by four to seven months, 
whereas, the troponin I ‘positive’ group had 
a persistently reduced LVEF at seven months 
(figure 2). 

A second study of 703 patients measured 
troponin before, soon after (immediately, 12, 
24, 36 and 72 hours), and late after (one 
month after dosing and just prior to the next 
scheduled drug treatment) each course of 
chemotherapy. Patients had one of three 
patterns of troponin response: Group 1. 
troponin ‘negative’ both early (1–72 hours) and 
late (four weeks); Group 2. troponin ‘positive’ 
early, but troponin ‘negative’ late; Group 3. 
troponin ‘positive’ both early and late. Group 
3 went on to have the highest rate of cardiac 
events and the greatest reduction in LVEF over 
three years (figure 3).21 

These studies show that troponin I leak 
patterns following chemotherapy can risk 

Guidelines for stopping treatment in the event of reduced function based on 
Herceptin Adjuvant (HERA) trial protocol is as follows:

Asymptomatic patients

LVEF
Absolute 
decrease of 
<10%

Absolute 
decrease of 
10–15%

Absolute 
decrease of 
≥16%

Within normal limits Continue Continue Hold*

1–5% below normal 
limits

Continue Hold* Hold*

>6% below normal 
limits

Continue* Hold* Hold*

*Repeat LVEF assessment after four weeks. If criteria for continuation are met 
resume trastuzumab. If two consecutive ‘holds’ or total of three ‘holds’ occur, 
discontinue trastuzumab. Key: LVEF = left ventricular ejection fraction

Symptomatic patients

Patients who develop symptomatic cardiac dysfunction should have 
trastuzumab discontinued and be referred to a cardiologist

If baseline EF >50% If baseline EF <50%

Repeat EF post DOX 250–300 mg/m² No DOX if EF <30%

Repeat EF post DOX 400 mg/m² if:

•	 Known heart disease

•	 Radiation therapy

•	 Abnormal electrocardiogram

•	 Cyclophosphamide treatment

If EF >30–<50% get EF measure 
before each dose

Repeat EF post DOX 450 mg/m² if 
none of the above risks

D/C DOX if EF >10% and/or  
EF <30%

Repeat EF thereafter before each dose

D/C DOX if EF 15% or EF <40%

Table 1. Dose-based monitoring algorithm for cardiotoxicity

Key: EF = ejection fraction; DOX = doxorubicin; D/C = discontinue

Table 2. Cardiac monitoring with echocardiography or multi-
gated acquisition (MUGA) scanning at baseline and then at three 
monthly intervals (3, 6, 9 and 12 months)
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stratify patients before structural changes 

in cardiac function are evident. Though 

frequent sampling of troponin after each drug 

infusion may be impractical, elevated troponin 

at one-month post each dose appears to 

identify at-risk patients. The Cardinale data, 

however, are specific to patients receiving 

high-dose doxorubicin on an every-four-week 

protocol. Since many oncology units administer 

chemotherapy at one to two-week intervals, 

additional studies are needed to clarify the 

use of troponin as a biomarker of potential 

cardiotoxicity. 

Alternatively, identification of genomic markers 

or measures of pro-oxidant stress response to 

chemotherapy may better risk stratify cancer 

chemotherapy patients. 

Prevention
While dose adjustment is the primary approach 

to prevent cardiac dysfunction, a significant 

number of patients still develop severe 

cardiotoxicity at doses well below 550 mg/m2  

as shown in figure 4.17 Historically, the use 

of anthracycline analogues and the use of 

dexrazoxane have been used to protect patients 

who show evidence of early toxicity at low-to-

medium doxorubicin doses. 

Anthracycline analogues
Over the last several decades, researchers 
have attempted to develop analogues that are 
superior in terms of activity and cardiotoxicity. 
Epirubicin, idarubicin, and mitoxantrone have 
been shown in clinical trials to lower the 
rate of cardiotoxicity.24 A comparative study 
examining the tumour effect and cardiotoxicity 
of doxorubicin and epirubicin showed 
that epirubicin is equally active and less 
cardiotoxic than doxorubicin.25 

Liposomal analogues
Liposomal analogues of anthracyclines have 
been developed to reduce drug toxicity while 
preserving antineoplastic effects by selectively 
perfusing into tumour tissue. Three liposomal 
anthracyclines are currently being investigated: 
liposomal daunorubicin, liposomal doxorubicin 
and pegylated liposomal doxorubicin.26 
Early research has indicated that the risk of 
developing cardiotoxicity is significantly higher 
for patients receiving doxorubicin than those 
receiving pegylated liposomal doxorubicin.27

New approaches to liposomal 
analogues
Investigators are currently evaluating the use 
of the bacterium Clostridium Novyi-NT in 
selectively delivering liposomal doxorubicin 

to tumours. This organism is an obligate 
anaerobe that can colonise the hypoxic regions 
of tumours and cause partial destruction of a 
cancer by its membrane disrupting properties 
while enhancing the release of liposomal 
doxorubicin directly into tumours. Using 
mouse tumour models, injection of Clostridium 
Novyi-NT spores prior to administration of 
liposomal doxorubicin-enhanced tumour 
response and resulted in higher drug levels 
within the tumour.28,29 This strategy opens 
new possibilities in the use and development 
of novel liposomal analogues and their delivery 
mechanisms.

Cardioprotectants
An adjunctive approach to preventing 
anthracycline toxicity is blunting drug-induced 
pro-oxidant stress. Dexrazoxane is the only 
United States Food and Drug Administration 
approved agent for reducing the incidence and 
severity of cardiomyopathy associated with 
doxorubicin administration in women with 
metastatic breast cancer. It is recommended 
for use in patients who received greater than 
300 mg/m2 of doxorubicin or greater than 
550 mg/m2 of epirubicin and who require 
further administration of these agents for 
advanced, but anthracycline-sensitive, 
cancers.30 
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Figure 3. Three patterns of troponin response to chemotherapy and subsequent 
incidence of cardiotoxicity measured as reduced LVEF reduction. Troponin I were either 
negative at early and late measurements (TnI-/-), best prognosis, positive early and 
returned to negative late (TnI+/-), or positive early and persistently positive late (TnI+/+), 
demonstrating the worst prognosis21
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Figure 2. Anthracycline patients with 
positive troponin measurements (cTnI+) 
demonstrating a persistent decrease in 
left ventricular ejection fraction (LVEF) 
versus a return to baseline in patients 
that were troponin negative (cTnI-)23
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New prevention strategies
In addition to new biomarkers for risk 
stratification, there are new potential 
approaches to prevention of anthracycline 
cardiotoxicity. These include the use of 
angiotensin-converting enzyme (ACE) 
inhibitors, angiotensin II receptor blockers 
(ARBs) and carvedilol.

ACE inhibitors 
ACE inhibitors may prevent doxorubicin 
cardiotoxicity by reducing left ventricular 
remodelling and limiting oxidative stress. 
Cardinale et al. assessed the benefits on left 
ventricular dysfunction in high-risk patients 
(troponin positive) treated with enalapril. 
One hundred and fourteen patients with 
elevated troponin I soon after high-dose 
chemotherapy were randomised to enalapril 
20 mg/day versus placebo. Treatment was 
started one month following chemotherapy 
and continued for one year. Only the placebo 
patients developed reduced left ventricular 
function (figure 5), and adverse cardiac events 
including congestive heart failure, arrhythmias 
needing treatment, and two cardiac deaths.31 

The future of prevention with ACE inhibitors 
looks extremely promising. However, further 
multi-centre studies are needed to confirm the 

Figure 4. Ejection fraction of patients based on cumulative 
dose of doxorubicin demonstrating a significant number of 
patients with depressed ejection fraction at relatively low doses 
of agent.17 Crosses (X) indicate patients developing overt heart 
failure while open circles (O) are those who did not
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Figure 5. Troponin positive patients followed for 12 months 
subsequent to chemotherapy treatment demonstrating a 
cardioprotective effect of enalapril as measured by preserved 
LVEF.31 Orange boxes indicate patients with persistent troponin 
elevation and purple boxes are troponin positive patients that 
returned to baseline

Key: ACEI = angiotensin-converting enzyme inhibitor; HDC = high-dose chemotherapy

benefits of ACE inhibitors and determine the 
optimal timing for initiation of ACE inhibitors. 

Angiotensin receptor blockers 
Angiotensin, a peptide of the renin–angiotensin 
system, plays a significant role in doxorubicin-
induced heart disease. ARBs have been 
found to have intrinsic antioxidant effects 
and these may mediate a cardioprotective 
effect against anthracycline toxicity. Research 
has shown that doxorubicin does not cause 
cardiotoxicity in angiotensin II type I receptor 
gene knock-out mice and administration of 
ARBs to mice can prevent daunorubicin-
induced cardiomyopathy.32 Nakamae and 
colleagues investigated whether valsartan can 
inhibit acute cardiotoxicity in 40 patients with 
untreated non-Hodgkin lymphoma following 
treatment with doxorubicin. They found that 
valsartan significantly reduced changes in the 
left ventricular end-diastolic diameter, the QTc 
interval and QTc dispersion on the ECG.33 

Carvedilol
Carvedilol blocks beta1, beta2 and alpha1 
adrenoceptors and has potent antioxidant and 
anti-apoptetic properties. Early research in 
animals has shown that the use of carvedilol 
can prevent chemotherapeutic cardiotoxicity.34 
Kalay and associates conducted the  

first human clinical trial investigating the 
prophylactic use of carvedilol in this clinical 
setting. Fifty patients receiving anthracyclines 
were randomised to either the carvedilol 
group or control group. The carvedilol group 
was started on 12.5 mg carvedilol once 
daily prior to chemotherapy and continued 
for six months. At the end of six months the 
mean ejection fraction of the carvedilol group 
was similar to the baseline ejection fraction 
(70.5 vs. 69.7; p=0.3), however, the control 
group ejection fraction was significantly lower 
(68.9 vs. 52.4; p<0.001).35 Further large 
randomised trials are needed to verify the 
benefit of carvedilol in reducing cardiotoxicity 
in chemotherapy patients.

Conclusions
Anthracycline cardiotoxicity continues to 
be a serious problem. Patients undergoing 
anthracycline treatment need regular monitoring 
of LVEF prior to, during and after treatment. 
Currently there is no universal monitoring 
guideline. The risk factors for anthracycline 
cardiotoxicity have been well known for a long 
time but are not sufficient to prevent many 
cases of cardiomyopathy. Only recently has it 
been shown that biochemical markers, such 
as troponin T and troponin I, may be used for 
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Key messages
Anthracyclines are commonly used in •	
the treatment of cancer, however, they 
are associated with a dose-dependent 
risk of cardiotoxicity and congestive 
heart failure

Prevention of cardiotoxicity is •	
important to ensure that cancer 
patients receive the maximal benefits 
of chemotherapy while minimising risk

Current measures include reducing •	
anthracycline dosages, using less 
cardiotoxic anthracycline analogues 
and prophylactic use of dexrazoxane

Biochemical markers to identify •	
patients ‘at risk’ have been identified

ACE inhibitors, angiotensin receptor •	
blockers and carvedilol may have a role 
in preventing cardiotoxicity

early detection of those at risk. Other future 
avenues of prevention include identifying 
genetic markers of increased susceptibility to 
anthracycline cardiotoxicity. Once the specific 
patients  
at increased risk are identified, they may  
be protected with agents such as ACE 
inhibitors, ARBs and carvedilol, such that  
they may continue receiving maximal doses 
of life-saving chemotherapies with minimal 
cardiotoxic effects • 
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